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Laser Time Transfer grougapace principle
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» Propagation delay in space
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pS precision & accuracy

»  WHY Singlphotonapproach?

: NO analog signal processing => simple & precise
: = > systematic errors  ~ 10pslevel

: = > precision TDEV < 1ps @ 100s



ELT Detector Flying Unit

ELT test bench at clean room
facilities

Fiber laser 8ps @ 531 nm
NPET timing

A ELT detector package flying unit (2 x )
completed, tested, calibrated, delivered

A Output signal cables grounding modifications after EMC
tests
= > output signals modifications

A New measurements of detection delays needed and
completed




ELT Detector Flying Umgitong term stabillity
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|dentification and calibration of oneway biases in SLR systems

A Calibration Device
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o Considering the Calibration Device delays and a real distaheetransmit delay
related todlpps input may be determined with the same accuracy



Calibration Device ELT

A The ELT Calibration Device was developed for AEEB
certified transportation container, insurance coverage,
ATA Carnet custom proc. for nd&J missions, etc..

A ELT Calibration missions completed in Wettzell (2014),
Graz (2015,2016) and Herstmonceux (2016)

A Similar device was prepared for SSA activities of ESA

A One way delays in SLR systems were / will be calibrated
at Zimmerwald (2017) and Potsdam (2019)




CONCLUSION 1
ELT status and performance

A The ELT detector: completed, tested and delivered

A The detector performance meets all requirements with a great
margin

A The SLR ground segment ( 3 x ) was tested and calibrated

A The synergy with other techniques / projects identified and
utilized (one way ranging, optical transponder, space debris
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European Laser Timigduture challenges

A Preparation of optical clocks on ground and in space frequency stability ~170 E

A Requirements on laser time transfer chain ground & space (improvement > 10 x )
precision TDEV <0.5ps @ 100s
stability P-p < 1 ps over days

A ESA mission under consideration (ACES follow@81IC (IssSpace Optical Clock)
Pl. Stephan Schiller, HH University Dusseldorf, Germany

A Chinese missions under preparatidiangong2 Compass Beidou, version 2020

A Others ?



ELT time transfer field tests
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Laser retraeflector for s{ps precision
fLuneburg sphere
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A =532 nm

SLR

TDEV < 400 fs @ 40s
l »  SLR to spherical satelliBtis Graz

»  TDEV Increase-30s) caused by spin
(not existing on ISS)

» =>TDEV << 0p$ @ 100s possible



